circadian genes. Significant increases in the expression of Bmal1 and Clock in suprachiasmatic nucleus (SCN) 4 lead to protein synthesis of Bmal1 and Clock. 5 These proteins form a heterodimer to trigger cellular, physiological, and behavioral activities via activation of E-boxes, which are DNA response elements located in target gene promoters acting as protein-binding sites, 6 to initiate the "day" phase, 5, 7 that is, the morning in humans and the dark period in nocturnal species including laboratory rats and mice. Deletion of the Bmal1 gene induces a global effect on behavior and biomarkers of aging, 8 as well as a dramatic reduction in period of wakefulness, as demonstrated by an increase in both rapid eye movement (REM) and non-REM (NREM) sleep primarily in the dark phase in mice. 9 This evidence suggests that circadian activation of Bmal1 is necessary for the activation of the wake state or a strong trigger for the wake state. Despite a lack of evidence regarding the mechanism by which Bmal1 regulates sleep/wake cycles, one early study has presented evidence that SCN neurons project to the areas involved in sleep/wake regulation including orexin neurons in the lateral hypothalamus, 10 GABA neurons in the ventrolateral preoptic nucleus (VLPO) and in the median preoptic nucleus (MnPO), 11, 12 as well as corticotrophin-releasing hormone (CRH) neurons in the paraventricular nucleus of the hypothalamus 13 which mostly contribute to stress-induced changes in wakefulness. 14 Current evidence indicated that orexin neurons or orexin have wake-promoting and/or sleepinhibitory effects. Brain infusion of either orexin A or B induces an increase in wakefulness and decreases in both REM and NREM sleep in mice and rats 15, 16 ; a dual orexin receptor antagonist was shown to suppress wakefulness and promote sleep. 17 Orexin gene deletion in mice increases REM sleep in the dark phase. 18 Activation of orexinproducing neurons results in an increased probability of transition to the wake state from either NREM or REM sleep 19, 20 while silencing of orexin neurons induces NREM sleep. 21 Activation of orexin-producing neurons or an increase in brain orexin can be induced naturally by food restriction 22 or stress. 23 Acute stress also induces an immediate increase in CRH, 14 a hormone that is considered a major initiator in the stress response system. 24, 25 The CRH system innervates orexinproducing neurons 26 and depolarizes orexin-producing neurons via the CRH-R1 receptor. 27 Corticotrophin-releasing hormone increases the REM sleep response to inescapable shock 28 and a CRH receptor antagonist significantly suppresses stress-induced reactions. 29 Brain injection of CRH induces an increase in wakefulness and a decrease in sleep in mice. 30 This evidence suggests that the Bmal1 gene product may be able to regulate the wake state by affecting orexin and CRH neurons. While orexin and CRH neurons are highly involved in the regulation of wakefulness, GABA neurons are more involved in the regulation of sleep. 31 GABA, the major inhibitory neurotransmitter in the brain, 32 plays a key role in NREM sleep generation and maintenance 33 and affects muscle tone. 34, 35 The majority of preoptic sleep regulatory neurons are sleep-active neurons and synthesize GABA, 31 suggesting that Bmal1 gene product may also act via the SCN-VLPO network to regulate sleep.
We hypothesized that Bmal1 knockdown (KD) suppresses wakefulness and promotes sleep via hypothalamic orexin neurons, CRH neurons, and GABA neurons. To test our hypothesis, we conducted a study to measure the effect of Bmal1 KDon behavior, sleep, and brain levels of orexin, CRH, and glutamate decarboxylase (GAD), an enzyme that catalyzes the decarboxylation of glutamate to GABA. Due to our long-standing interest in study depression and the circadian features of depressive disorders which are more severe in the morning, 36 we also measured immobility, a commonly measured variable used in the study of depression. 37 
| MATERIALS AND METHODS

| Animals and experimental design
Because knockout (KO) of the Bmal1 gene has been shown to have severe global impacts on murine growth, including dramatically reduced wheel-running activity, 38 age-dependent reduction in muscle and bone mass, reduced body size, early aging and a shorter life span, 8 and significant reduction in mitochondrial volume, 39 we opted to uti- This study was designed in four parts. We first evaluated whether Bmal1 siRNA could knock down Bmal1 gene expression. Then, we studied the effect of Bmal1 KD on behavioral tests, specifically the forced swim test and the tail suspension test. In part 3, we studied sleep/wake cycles in mice injected with Bmal1 siRNA before the end of the light phase in one set of animals, and before the end of dark phase in another set of animals. In part 4, we measured brain levels of orexin and CRH in mice euthanized at 6 or 24 hours after intracerebroventricular (ICV) injection of Bmal1 siRNA or control RNA. All protocols were approved by the Institutional Animal Care and Use Committee (IACUC) of LSCDVAMC before the study was initiated.
| ICV injection and Bmal1 KD
B6 mice were anesthetized using a cocktail solution of ketamine, xylazine, and acepromazine (100, 10 and 2 mg/kg, respectively), prepared for surgery and implanted with a guide cannula for ICV injection of Cat# C315GS-4; Plastic One, Inc., Roanoke, VA, USA) that guides an internal cannula (C315IS-4; Plastics One, Inc., Roanoke, VA, USA) to the specific injection site (dorsoventral [DV] = 2.5) was stereotaxically implanted. A dummy cannula (Cat# C315dcs-4, Plastics One, Inc., Roanoke, VA, USA) was inserted to cover the guide cannula. The guide cannula was secured with C&B Metabond bonding agent. This bonding agent adheres extremely well to bone, enamel, and dentin.
The skin was then sutured together.
To determine whether the guide cannula functions in the correct location, we performed an angiotensin II test. It is known that angiotensin II induces a polydipsia response, and angiotensin II injection into the ventricle induces an immediate water drinking reaction.
Thus, the accuracy of the ICV injection site was verified by visually observing the water drinking behavior after ICV injection of 100 U angiotensin II 2 days after surgery. Only animals that had a water drinking response within 5-minute postinjection were considered to have accurate guide cannula and were used for further study. 4 μL of the siRNA (4 μg) and peptide mixture were injected into each mouse. After 2 days of baseline recording, Bmal1 and negative control siRNA were injected through the ICV guide cannula.
| Polysomnographic (PSG) recording
Mice used for the sleep study in part 3 were implanted with electrodes for recording electroencephalograms (EEGs) and electromyograms (EMGs) in addition to the ICV guide cannula, according to our previously described method. 40 Due to ICV guide cannula implantation, the EEG (not EMG) electrode site locations were modified from those previously reported 41 and used in our previous publication. 42 In anesthetized B6 mice, three holes for electrodes E1 (in the frontal cortex, M1 area), E2 (in the parietal cortex), and E3 (in the visual cortex serving as a reference electrode) were drilled into the skull in the frontal and pa- This bonding agent adheres extremely well to bone, enamel, and dentin. The skin overlaying the skull and posterior muscles were reopposed, allowing for a cable to extend through the skin and connect to a 12-channel commutator. Mice were monitored continuously until they recovered from anesthesia. Then, mice were moved to standard housing/recording chambers for continued recovery. During at least 10 days of postsurgical recovery, all mice were functionally verified for the correct location of the guide cannula, and were connected to the recording system (detailed in [41] 
| Verification of Bmal1 protein changes after Bmal1 KD by Western blotting
Before initiating the behavioral and sleep study, we evaluated the efficacy of Bmal1 siRNA on Bmal1 expression in separate groups of control and Bmal1 KD mice. To evaluate the efficacy of SCN Bmal1
KD by Bmal1 siRNA ICV injection, we measured Bmal1 protein levels using Western blot in SCN samples collected from animals that were euthanized 2 days after Bmal1 siRNA (n = 6) and control siRNA ICV (n = 6) injection. Beta-actin was used as a control for protein loading in Western blots. Rabbit anti-GAD (AB1511, Millipore), rabbit anti-Bmal1 (SAB43006, sigma), and rabbit anti-actin (sc-1616r, Santa Cruz) were used as primary antibodies, and a corresponding secondary anti-rabbit antibody coupled to horseradish peroxidase (HRP) was used in the protocol. 
| Wheel-running activity and immobility tests
As measurement of locomotor activity has been commonly used for the measurement of circadian rhythm in rodents, measurement of locomotor activity in this study helps to functionally evaluate the suppression of Bmal1 via Bmal1 siRNA. As immobility has been commonly used in the evaluation of depressive pathology, we performed wheel-running activity and tail suspension tests to determine the effect of Bmal1 suppression on circadian amplitude and depressive symptoms of "despair." All tests were conducted at 10 days after surgical implantation of the ICV guide cannula, which was verified for accuracy of placement. The aim of the wheel-running test was not to determine whether Bmal1 KD affects circadian rhythm, but to determine the "amplitude" of the rhythm (ie the amount of activity).
Thus, the test was only recorded for a few days and it was performed Immobility tests are commonly used to evaluate "despair" behavior in rodents for studying the pathology of depression [43] [44] [45] and screening antidepressant drugs. In a separate set of animals, the tail suspension test was performed for 6 minutes using clean transparent buckets (8″ × 8″ × 9″) under a red light for clear viewing, similar to the method used in our previous publication. 37 Video recording began before attaching each mouse individually-by its tail-to a Plexiglas rod, using adhesive tape. Offline video was subsequently rated for time spent moving and time of immobility during the 6 minutes. A t test was used to analyze the data. Longer immobile times and shorter struggling times were considered to be "depressive" behaviors.
| Orexin and CRH measurement
Additional ICV injection ready mice were used to quantify brain orexin and CRH. All mice were implanted with ICV injection guide cannula only. Then, one group of mice was injected with control siRNA and the other group of mice was injected with Bmal1 siRNA. One set of mice (including six control and six Bmal1 KD mice) were euthanized at 6 hours after the ICV injection was administered. The other set of mice (six control and six Bmal1 KD mice) were euthanized at 24 hours after ICV injection. According to a mouse atlas, 46 
| Data analysis and statistical evaluation
Imaging data of protein levels by Western blot were digitalized using ImageJ Software (National Institutes of Health, Bethesda, MD, USA).
Data are expressed as relative optical density ratios. A Student's t test was used to evaluate statistical significance. Concentrations of orexin A and CRH were detected using an ELISA kit and quantified according to the instructions provided by the manufacturer. Data were evaluated using a Student's t test. All t tests were two-tailed. For all statistical analyses, P ≤ 0.05 was considered significant. Data were presented as the mean + standard error (SE).
| RESULTS
| Evaluation of Bmal1 siRNA on Bmal1 protein levels
The injection of Bmal1 siRNA into the cerebral ventricle was in- 
| Behavioral effects of Bmal1 KD
To evaluate the effect of Bmal1 KD on behavior, we performed wheel-running activity, forced swim, and tail suspension tests.
The purpose of performing the wheel-running test was not to determine whether Bmal1 KD affects circadian rhythm, rather, to determine the "amplitude" of the rhythm, that is, the amount of activity. Thus, wheel-running activity was recorded for only a few days under 12:12 hours light/dark cycles. In the baseline recording, activities in both groups exhibited similar activity levels in both the light and dark phases. However, activity in the Bmal1 KD group was substantially and significantly reduced in the dark phase immediately postinjection ( Figure 2A ). Twoway ANOVA showed that group differences were significant (F = 83.599, P < 0.001). All pairwise multiple comparison procedures (Bonferroni's t test) showed that group differences were significant (t = 9.143, P < 0.05). As shown in Figure 2A , group differences were found in most dark phase data sections, and the mean of activity of each data section in the Bmal1 KD group in the dark phase was also significantly reduced as compared to the same data section at baseline (B1 and B2). The reduction in wheel-running activity is further evidence that Bmal1 suppression was successful.
The tail suspension test was conducted in a separate set of animals. The mean mobility time in the Bmal1 KD group was 59.27% less than in the control group; the mean time of immobility in the Bmal1 KD group was 94.57% longer than in the control group ( Figure 2B) . A t test showed that group differences were significant both for immobility (t = −3.521, two-tailed P = 0.0034) and for time of mobility as well (t = 3.613 and two-tailed P = 0.0028) indicating that Bmal1 KD increased immobility. 
| Effect of Bmal1 siRNA injection at ZT20
As Bmal1 expression is dynamically different in light and dark phases, we hypothesized that suppression of Bmal1 in a different phase would produce a different effect on sleep/wake patterns. Thus, we conducted similar study in a separate set of mice and performed Figure 6) . Compared F I G U R E 3 Screenshots of baseline polysomnographic (PSG) from mouse R3S2 DRC. Electroencephalogram (EEG) power spectrum and EEG and electromyogram (EMG) recording in computer scored Wake, nonrapid eye movement (NREM) sleep and rapid eye movement (REM) sleep were displayed in upper, middle, and lower section, respectively. The power spectrum displayed power frequency of the scored EEG channel. Both the EEG and EMG waveforms displayed typical features in wake (Upper section), NREM sleep (middle section), and REM sleep (lower section) states. During awake, EEG amplitude is low and the EMG amplitude is very high. During NREM sleep, the EMG amplitude is very low but EEG amplitude is high. During REM sleep, theta frequency is dominated in EEG and with the EMG, amplitude is also very low with the control group, the data indicated that the Bmal1 KD group had significantly less NREM, REM, and total sleep and more wakefulness during the loop. Thereafter, the pattern of change in sleep/ wake state was similar to that of Bmal1 KD at ZT8, that is, sleep was dramatically increased during the dark phase but absolutely no effect on sleep was observed in the light phase ( Figure 6 ). This type of group difference was significant in multiple time sections during the first, second, and third dark phases and during a single time section in the fourth dark phase; no changes were observed during the last (fifth) dark phase, indicating that the effect of siRNA injection lasted only 4-5 days. These data indicate that the effect of injection made in ZT20 on sleep/wake states differed slightly from effects of injections made in ZT8 during the first 24 hours, but did not differ in terms of later effects, suggesting that the later effects were due solely to Bmal1 siRNA knockdown. These data further support the conclusion that deficiency in Bmal1 is necessary for maintaining normal amount of wakefulness during the active phase in mice.
| Brain orexin A but not CRH was increased 6 hours after Bmal1 KD
Given the data above indicating that REM and NREM sleep were dramatically and significantly altered between treatment groups for either a few hours (ZT8 groups) or immediately after treatment (ZT20 groups), we concluded that the change observed was either an increase in time awake or a decrease in sleep, and that wake promoting or stress regulation molecules might be involved. Thus, we quantified tissue content of orexin A and CRH in the hypothalamus in a separate set of mice treated with Bmal1 siRNA or control siRNA. The treatment was completed in ZT8 and mice were euthanized 6-hour postinjection, that is, in the middle of the period of increased wakefulness.
Interestingly, orexin A levels were significantly higher in the Bmal1 KD group (57.285 ± 5.596 pg/mg, n = 7) as compared to the control group (41.664 ± 2.476 pg/mg, n = 8). A t test showed that this difference was statistically significant (t = 2.427, P = 0.0305), indicating that changes in orexin A may be involved in the response to Bmal1 siRNA ICV injection. By contrast, the difference in CRH expression between groups was not significant (t = 0.687, P = 0.507), suggesting that CRH is not involved in the increase of wakefulness/decrease in sleep induced by Bmal1 siRNA injection ( Figure 7A-B) . Although sleep reduction in the control group was the major change observed during this period, differences in orexin levels might be interpreted as reduction of orexin A in the control group instead of increased orexin levels in the Bmal1 KD group. However, this interpretation needs further support by comparison with baseline orexin level. 
| Orexin
| GAD was unchanged in the hypothalamus by Bmal1 KD
As GABA is a major inhibitory neurotransmitter, and GABAergic neurons in the hypothalamus play an important role in the regulation of sleep generation and maintenance [51] , we expected an alteration in GABAergic transmission in Bmal1 KD mice because the total sleep and total time awake was altered significantly and consistently for 24 hours following Bmal1 siRNA injection. GAD is an enzyme that synthesizes GABA and alteration of GAD levels often indicates a change in GABA levels; therefore, we performed Western blotting on samples from the hypothalamus in mice euthanized 24 hours following brain injection of either control siRNA (n = 10) or Bmal1 siRNA(n = 10). Surprisingly, the t test indicated that the power of the comparison was 0.744, below the desired power of 0.800. In addition, GAD levels were not significantly altered, as shown in Figure 8 , indicating that GABA in the hypothalamus was unaffected. These data suggest that GABA is not involved in the alteration of sleep induced by Bmal1 siRNA.
| DISCUSSION
Our work investigated the effect of adult suppression of Bmal1 expression via Bmal1 siRNA on circadian amplitude, depressive signs, sleep/wake states, and brain levels of orexin A and GAD. We first confirmed that Bmal1 protein levels in the SCN were significantly reduced 24 hours after Bmal1 siRNA was administered. The reduction in F I G U R E 4 Screenshots of polysomnographic (PSG) from mouse R3S2 DRC in the post-Bmal1 siRNA injection period. Results were similar to those described in Figure 3 . On the upper section, we considered it as an atypical awakening, likely occurring because the amplitude of electromyogram (EMG) was much lower than the wake state EMG at baseline in the same animal (see the upper section of Figure 3) . However, the amplitude and the power spectrum of the electroencephalogram (EEG) were similar to baseline (Figure 3 ). In addition, the EMG amplitude was significantly increased at later time point (indicated by arrow) indicating the termination of the effect of Bmal1 siRNA injection. Neither the features of EEG and EMG during nonrapid eye movement (NREM) sleep nor in rapid eye movement (REM) sleep were significantly different from those seen during the same states at the baseline of the same animal ( Figure 3) Bmal1 was also supported by a reduction in wheel-running activity as a functional evaluation. AS both the measurement of wheel-running activity and tissue collection for Western blot analysis occurred 24 hours after Bmal1 siRNA administration, these data indicate that Bmal1 expression was reduced at early as 24 hours after injection but could have occurred even earlier.
F I G U R E 5
The percentage of time spent awake vs sleep at baseline and after treatment with Bmal1 siRNA or control siRNA injected just before the light phase. Percentage of wake/sleep was averaged in each 3-h section. The arrow indicates the time of injection 4 h prior to the dark phase. Grids with thick blue bars on the x-axis indicate the dark period. Statistics result for group differences were *: P < 0.05; **: P < 0.01; ***: P < 0.001; for comparison with the same section of the baseline, +: P < 0.05; ++: P < 0.01; +++: P < 0.001. The upper level shows the percentage of wake, which increased beginning at just a few hours after injection. This was followed by a subsequent decrease in the last section of the dark phase and was consistently similar or below the level of the control group until the end of the experiment. Correspondingly, nonrapid eye movement (NREM) sleep was decreased in the Bmal1 siRNA group a few hours postinjection in the dark phase. Thereafter, the amount of NREM sleep in the Bmal1 knockdown (KD) group was below that of the control group at almost all time points. Significant differences were observed mostly during the dark phase and not the light phase, indicating that Bmal1 KD affects sleep during the dark phase but not the light phase. The Bmal1 KD group exhibited similar pattern of rapid eye movement (REM) sleep alteration as was observed tfor NREM sleep (initial increase a few hours postinjection but decreased thereafter until recording concluded). Thus, total sleep in the lower graph displayed a similar pattern for both REM and NREM sleep. Notably, all significant differences were recorded in the dark phase but not the light phase
The percentage of time spent awake vs sleep at baseline and after treatment with Bmal1 or control siRNA during dark phase. The percentage of time spent awake or sleep was averaged in each 4-h section. The arrow indicates the time of injection 4 h prior to light phase. Grids with thick blue bars in the x-axis indicate the dark period. Statistical results for group differences were *: P < 0.05; **: P < 0.01; ***: P < 0.001; for comparison with the same section of the baseline, +: P < 0.05; ++: P < 0.01; +++: P < 0.001. The upper level shows that time spent awake was increased immediately after Bmal1 siRNA intracerebroventricular (ICV) injection, which was administered during the dark phase. Similar to Figure 3 , time spent awake then fell below the level of the control group at about 6 h following injection. Subsequently, the percentage of time spent awake was consistently similar to or below the level of the control group. Correspondingly, nonrapid eye movement (NREM) sleep in the Bmal1 siRNA group exhibited an opposite pattern. Significant differences were seen mostly during the dark but not the light phase, indicating that Bmal1 knockdown (KD) affects sleep during the dark but not the light period. In the middle, the Bmal1 KD group exhibited dramatic reduction in rapid eye movement (REM) sleep immediately postinjection combined with a subsequent long-lasting increase. Thereafter, time spent in REM sleep in the Bmal1 KD group was always greater than in the control group; thus, significance was achieved mostly during the dark period. The pattern of total sleep was similar to that shown in Figure 4 . Differences included the following: (i) the decrease in total sleep occurred much sooner in this experiment when the injection was administered 4 h prior to the light phase; and (ii) group differences in total sleep on the last day were no longer significant
We hypothesized that the mechanisms of Bmal1 deficiencyinduced wake/sleep alterations might be mediated through alterations in orexin neurons, CRH neurons, and GABA neurons. As Bmal1 KO induced severe global effects, including physical size and longevity, 47, 48 we introduced Bmal1 deficiency via adult injection of Bmal1 siRNA.
Our siRNA treatment was shown to be efficient because the Bmal1 KD group exhibited reduced Bmal1 expression at both the mRNA (data were not shown) and protein level in the SCN (Figure 1 ). We also ob- found that orexin A levels were significantly higher in the Bmal1 KD group, but CRH remained unchanged. This observation indicates that the observed sleep/wake decrease in the early phase is associated with a change in orexin but not CRH. We suspect that control siRNA induced reduction of brain orexins, but the mechanism remains to be further discovered.
A second type of sleep alteration occurring after ICV injection of Bmal1 siRNA or control RNA was an increase in sleep and decrease in wakefulness. These effects occurred only in the dark phase and were F I G U R E 7 Hypothalamic content of orexin A (A) and corticotrophin-releasing hormone (CRH) (B) in mice euthanized 6 h after Bmal1 or control siRNA injection. Mean orexin A level was significantly higher in Bmal1 siRNA-treated mice as compared with control mice; however, the difference in CRH was not significant. Hypothalamic content of orexin A (C) and CRH (D) in mice euthanized 24 h after Bmal1 or control siRNA injection. Neither orexin A nor CRH level was significantly different between groups. *: P < 0.05 not accompanied by alterations of either orexin A or CRH ( Figure 7 ).
This effect was secondary and occurred after the first effect on wakefulness occurred completion of the first type of effect and persisted 3-4 days (until study conclusion). This effect on sleep is consistent with previously reported sleep data recorded in Bmal1 KO mice, 9 suggesting that the long-lasting effect of Bmal1 gene deficiency on sleep/ wake regulation is actually a dysregulation of wake initiation and maintenance of the dark phase in nocturnal rodents. This result strongly suggests that Bmal1 regulates wakefulness rather than sleep aside from any effect on basic physiology and circadian rhythm. Therefore, we measured hypothalamic orexin and CRH levels in mice treated with control and Bmal1 siRNA. Surprisingly, neither orexin A nor CRH expression levels were changed in the Bmal1 KD group as compared to the control group. This indicates that a deficiency in Bmal1 induces wake/sleep changes through a mechanism that does not include orexin regulation or the CRH system. As GABA plays an important role in the generation and maintenance of NREM sleep 31, 49 ; in fact, GABA release is significantly higher during sleep. 17 As an increase in sleep need corresponds with an increase the expression level of GAD, 46 an enzyme of GABA synthesis, we measured the tissue levels of GAD. We found that GAD levels were unaltered in the hypothalamus, suggesting that the GABAergic system was not involved in the dramatic increase in total sleep beginning at 24 hours after Bmal1 siRNA injection.
Circadian rhythm-associated changes in synaptic density in orexinergic axons have been demonstrated in living fish. 50 However, findings from hamsters showed that Per1 expression in the area of orexinproducing neurons did not differ following constant dark treatment and that neither the total number of orexin cells or the total number of orexin cells expressing Per1 in the lateral hypothalamus/dorsal lateral hypothalamus show circadian differences in hamsters [52] . As both mRNA and protein levels of the circadian triggers Bmal1 and Clock have regular circadian rhythm-influenced expression, expression of orexin suggests that orexinergic neurons do not participate in circadian regulation of wake/sleep rhythms. Our data demonstrating that Bmal1 KD does not affect brain levels of orexin, CRH, or GAD indicates that neither orexinergic/CRH nor the GABAergic system is involved in Bmal1 KD-induced wake reduction during the dark phase.
In summary, Bmal1 KD reduced wheel-running activity and increased immobility. In PSG recordings, injection of both Bmal1 siRNA and control RNA induced short-term sleep/wake changes, but the control siRNA induced effect was much stronger. The short-term effect was associated with brain orexin level changes. At 24 hours following injection, the major effect was an increase in sleep during the dark phase in the Bmal1 KD group. This type of change was consistent with previous findings from the Bmal1 KO model and was associated with no changes in brain levels of orexin, CRH and GAD, suggesting that the mechanism of the circadian regulation of wake/sleep does not include these types of neurons. The limitation of the paper is that the mechanism of Bmal1 KD induced both acute wake increase and later sleep increase remains to be discovered.
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